Summary.-Metaphase arrest by vincristine in urethane-induced murine pulmonary adenomas became linear after an interval of 60 min. The rate of entry into metaphase was 0.191%/h, which was considerably less than the 1%/h for the rate of entry into DNA synthesis obtained previously by double labelling. The duration of prophase plus metaphase was calculated to be 1-7 h. A growth fraction of 9% and a cell-loss factor of 52% were derived.
The disparity between rates of entry into DNA synthesis and into metaphase was investigated by microdensitometry on Feulgen-stained squash preparations of tumours of varying ages. The DNA profiles showed an increasing frequency of hyperdiploid nuclei with age. Circumstantial evidence for polyploidy was provided by the presence of many binucleate cells in the tumours. By analogy with the liver, these cells may well represent a stage in the development of polyploidy, and the possible relevance of these findings to the neoplastic process is considered.
PREVIOUS observations Heppleston, 1975, 1976) suggested that in urethane-induced murine pulmonary adenomas the rate of entry of cells into DNA synthesis (Rs) was greater than the rate of entry into mitosis (RM) by a factor of up to 10. Some of this disparity could be attributed to underestimation of RM by means of Colcemid, the stathmokinetic properties of which are inferior to those of vincristine (VCR) and vinblastine (Tannock, 1967; Smith, Thomas and Riches, 1972) . It was therefore important to determine RM in the adenomas by establishing the linearity of VCR metaphase arrest using the dose (I ,ug/g) most widely adopted for rodent tissues. Smith, Thomas and Riches (1974) showed that, in mouse tumour isografts, metaphase accumulation was independent of drug dose within the range 1-4 tg/g body weight. A comparison could then be made with R s as found previously by double labelling. Additional estimates of the cell-loss factor (Steel, 1968) and the growth fraction were also possible by utilizing RM in combination with other cell kinetic data already derived. (hI,) . The lungs were fixed in Carnoy's fluid for 24 h and placed in Cellosolve, paraffin sections then being cut from both the left and right lungs so as to include enough adenomas to obtain a precise metaphase-arrest curve. Sections were stained by the periodic acid-Schiff method, and as a rule 3000 nuclei (inclusive of prophases and metaphases) per adenoma wrere counted to determine the mitotic index.
For microdensitometry, adenomas Awere dissected from the fixed lungs of mice used in previous experiments. These animals were mostly of the A2G strain, but old tumours were obtained from A/Jax mice wAhich had survived 11 months after urethane treatment. The latter mice had received several urethane injections, to a total of about 35 mg, during the first month of life. After removal, the adenomas remained in 4500 acetic acid overnight to reduce intercellular adhesion. Squash preparations were made and stained by the Feulgen technique with 1 M acid hydrolysis. These preparations wAere examined with a Vickers M85 instrument using light of 550 nm w%avelength to determine the relative nuclear contents of DNA, from which frequency histograms were constructed on an arbitrary scale. Feulgenstained touch preparations of mouse sperm provided a haploid DNA standard for each batch of slides.
RESULTS

Yletaphase arrest
From the graph ( Fig. 1 Throughout the development of adenomas many binucleate cells were noted, and they were sometimes more numerous than mitotic figures.
Microdensitometry
The nuclear DNA profile for mouse sperm (Fig. 2) shows that the haploid DNA content is between 10 and 12 microdensitometer units. The adenoma profiles (Fig. 3) (Dyson and Heppleston, 1975 (Kerr, Wyllie and Currie, 1972) . Degenerate cells were noted ultrastructurally in the neoplasm (Snyder et al., 1973) . If cell death is cycle-specific and located somewhere in the S or G2 phases, it might explain, in part at least, the disparity between Rs and RM. The discovery of cells with a hyperdiploid DNA content, however, indicates that some cells entering S do not proceed to complete mitosis and yet persist. This phenomenon has previously been noted in organ cultures of normal mouse lung and prostate, where RS exceeded RM two-to four-fold, and the lung tissue exhibited a high proportion of hyperdiploid nuclei (Simnett andl Heppleston, 1968) .
Compared with normal tissues, a wide scatter of microspectrophotometric values has been found in human carcinomas and sarcomas, a phenomenon also apparent in some metaplastic or precancerous tissues (Leuchtenberger, Leuchtenberger and Davis, 1954; Atkin and Richards, 1956; Reid and Singh, 1960; Stich and Steele, 1962) . In series of human malignant tumours, most showed hyperploidy, which persisted through all stages of invasion in cervical carcinoma and even to metastasis in pulmonary alveolar-cell carcinoma. Metaplastic and atypical epithelium of the human bronchus, however, had the normal pattern of DNA values, as distinct from the hyperploidy with a wide scatter of values seen in squamous carcinoma from the same cases . Cervical scrapings of atypical appearance also possessed DNA values similar to those of a growing diploid population, whilst malignant and premalignant cells generally showed hyperploidy with a wide scatter (Caspersson, 1964 (Ogawa et al., 1959 (Bucher and Malt, 1971) . During postnatal development a high percentage of hepatocytes, which at birth are all mononucleate diploids, become binuclear through failure of cytoplasmic separation following nuclear division. When binucleate cells enter mitosis, the chromosomes in each nucleus double, but all deploy on a single spindle yielding two mononucleate daughter cells of the next higher order of ploidy and of correspondingly greater size. Polyploidy of the liver does not evolve in the absence of binucleate cells, nor in the absence of cell proliferation. The volume of each hepatocyte is directly proportional to its ploidy and, since the nuclear-cytoplasmic ratio is fixed, the result of increased ploidy is a relative decrease in cell surface area, the functional significance of which is unknown. In urethane-induced pulmonary adenomas the many binucleate cells, which were often more frequent than mitotic cells, could be precursors of polyploid cells. Their formation may be associated with elevation of metabolic activity, a possibility which gains credence from the large amounts of PAS-positive material found intra-and extra-cellularly in mature neoplasms. Such material may reflect the presence of lung surfactant, essentially a product of type II epithelial cells from which adenomas derive, since dipalmitoyl lecithin is synthesized by homogenates (Snyder et al., 1973) . Whether the metabolic turnover of this compound is augmented requires biochemical assessment by means such as those employed in elucidating the pathogenesis of experimental alveolar lipoproteinosis (Heppleston, Fletcher and Wyatt, 1974 
